Selenium (Se) is an essential element for human and livestock with antioxidant and anticancer characteristics. Although Se is not an essential element for plants, it has been reported that it can improve plant growth. This experiment was conducted at the Isfahan University of Technology in winter 2010. The experiment was factorial based on a completely randomized design (CRD) with 4 replications. Se was added to nutrient solution in 4 concentrations 2, 4, and 6 mg/l sodium selenite (Na 2 SeO 3 ). Root volume, fresh and dry weights of shoots and roots, number and weight of fruits, chlorophyll content and photosynthesis traits (photosynthesis rate, stomata internal carbon dioxide (CO 2 ) concentration, stomata conductance) were measured. Results showed that Se increased root dry weight. Fresh and dry weights of shoot increased in the 2 mg/l Se treatment and decreased at the higher level of Se. Chlorophyll content and photosynthesis rate were not affected by Se. Stomata internal CO 2 concentration and stomata conductance decreased by Se addition. Overall, Se at 2 mg/l application rate was effective in some physiological characteristics of cucumber. 
INTRODUCTION
Selenium (Se) is an essential micro element with antioxidant, anti-cancer and antivirus characteristics for human and animal health. There is no evidence for its necessity for plant growth (Lyons et al., 2003) . However, some research has shown that applying Se fertilizer to the soil increased plant growth and yield (Helal Ragab et al., 2010) . Scientists have paid special attention to Se because of its protective role in chemical sensitive reactions against oxidative damages in human bodies. Se supports the group of enzymes coordinated with vitamin E against free radicals and oxidative damages to the cells and body tissues. For example, when immune system destroys foreign raiders some oxidase compounds are produced, then Se related enzymes change these products to harmless compounds for human bodies. Moreover, Se is involved in the thyroid activity--the gland which regulates metabolism rate. Also, in low blood level, Se was related to some heart disease and some kind of cancer developments (Simojoki et al., 2003) . Se was found in meat, vegetable and those cereals grown in Se rich soils (Simojoki et al., 2003) .
Total amount of Se in most soils is often about 0.1 to 2 mg kg 1 and averaged about 0.3 mg kg 1 .
In the soil, Se has various forms, including elemental Se, selenide (Se
) and organic Se. The most important parameters which control Se solubility and its chemical form in the soil are pH and redox potential (Geoffroy et al., 2007) . The relationship between soil pH and the amount of absorbed Se by plants showed increased soil pH increased Se absorption (Malakooti and Tehrani, 2005) . Plants show different physiological reactions to Se levels, some species accumulate it, but some others are sensitive to it and Se is a toxic element to them (Smith and Watkinson, 1984 with Se addition to soils (Hanson et al., 2004; Lyons et al., 2008) . Using Se fertilizer under oxidative stress on broccoli reduced (deoxyribonucleic acid) DNA rupturing and breaking (Arvy et al., 1995) . Drought stress damages with applying Se decreased (Hasanuzzaman and Fujita, 2011) . In tomato plants planted in soil with the high levels of mercury (Hg), Hg accumulation was prevented by Se application (Kopsell et al., 2000) . By Se application on cucumbers under cold stress, antioxidant activity increased and lipid peroxidation decreased (Liu et al., 2009 ).
There are not sufficient experiments conducted on the proper amount of Se and its effect on plant growth and physiology. In this study, different levels of Se on cucumbers growth and physiology were evaluated using a hydroponic system.
MATERIALS AND METHODS
This experiment was conducted in the greenhouse of the Isfahan University of Technology in winter 2010. A factorial experiment, arranged in a completely randomized design with 4
replicates and 4 levels of Se, Se0 = 0, Se1 = 2, Se2 = 4 and Se3 = 6 mgL 1 was used in this study. The source of the Se was sodium selenite (Na 2 SeO 3) and was added to all the 16 plant growth containers. The cucumber variety used in this study was Cucumis sativus cv. 4200 that was grown in peat substrate. The greenhouse day and night average temperatures were 25/17 ˚C. Seedlings after 6 weeks growing from the seeds that were at the 2-leaves stage of growth were moved from peat substrate, their roots were thoroughly washed and they were transferred to the nutrient solution. At the first week of the experiment, seedlings were exposed to a half nutrient solution concentration and then with complete nutrient solution and in the 10 th day after transplanting Se treatments were applied to the growth containers. During the experimental period, nutrient solution levels on each plant container were checked daily. The composition of the nutrient solution in mg L 1 is given in Table 1 (Jones, 1930) .
After 5 weeks growth in the nutrient solution, the plants were harvested and measurements were made. In the last week of the experiment, the leaves chlorophyll contents were measured using chlorophyll meter (SPAD-502, Minolta Corp., Ramsey, NJ, USA). Then, in sixth week photosynthesis rate (μmol m −2 s −1 ), stomata conductance (g c ) (mol m −2 s −1 ) and stomata internal carbon dioxide (CO 2 ) (Ci) content (µmol) were measured using photosynthesis meter (Li-Cor, Li-3000, USA). Root volume was measured using the method of changes in the water volume. Shoots were excised from the roots using a steel blade, then fresh weights of the roots and the shoots were measured. Then, all samples were oven dried at 70˚C for 48 hours and the dry weights were measured. Data were analyzed using Statistix 8 (Tallahassee FL, USA). All data were subjected to one-way analysis of variance (ANOVA) and the means were compared for significance by the least significant difference (LSD) test at P< 0. 
RESULTS

Effects of Different Levels of Se on Root and Shoot Fresh and Dry Weights, Root Volume, Numbers and Weights of the Cucumbers
As shown in Table 2 , a significant reduction was seen in root fresh weight under 2 and 6 mgL
1
Se. Shoot fresh weight in the 2 mgL 1 Se treatment was 42% more than that of the control (Table   2 ). However, with increasing Se concentration to 4 and 6 mgL 1 , fresh weight decreased 35%
and 50%, respectively (Table 2 ). Applying higher levels of Se significantly increased root dry weight (Table 2) . Compared Se1 treatment with Se0, no significant difference was observed.
However, by increasing Se concentration shoot dry weight significantly decreased (Table 2) .
Compared control treatment with Se 3, the lowest shoot dry weight with 53% reduction was observed in Se 3 treatment. Root volume increased in Se1, but by increasing Se concentration it was significantly decreased in Se2 and Se3 treatments (Table 2) . Root volume decreased 31%
and 29%, respectively, in the 4 and 6 mgL 1 Se treatments compared to the 2 mgL 1 treatment (Table 2) . Se had no significant effects on fruit numbers and weights (Table 3) .
Effects of Different Levels of Se on Chlorophyll and Photosynthesis Changes of the Cucumbers
The effect of photosynthetic parameters indicated that there was no Se effect on photosynthetic rate (Table 4) . However, stomata conductance and the internal CO 2 concentration of the stomata decreased by increasing Se levels ( Figure. 1 ). Stomata conductance and internal CO 2 concentration of the stomata decreased 56% and 41%, respectively, in the 6 mgL 1 Se treatment (Table 4) .
DISCUSSION
Se, in most cases, depending on its concentration and the plant age, decreased plant growth and biomasses production. However, in some cases, Se improved plant growth ( In the present study, root fresh weight decreased in the Se1 and Se3 treatments. However, by increasing Se concentration, root dry weight increased. Shoot dry and fresh weights increased in the 2 mgL 1 Se treatment, but in the higher Se concentration treatments, both fresh and dry weights decreased. In tomato leaves, the interaction of Se in 0, 0.5, 1, and 2 ppm levels with MO on photosynthetic pigments indicated no significant effect on shoot dry weight and total plant dry weight, however root dry weight significantly reduced (Khavarinejad et al., 2010 Lefsrud et al., 2006; Padmaja et al., 1990; Valkama et al., 2003; Xue et al., 2001) . In ryegrass and white clover, by increasing Se concentration chlorophyll content decreased (Smith and Watkinson, 1984) . In coffee and corn, different levels of Se in a form of selenite decreased photosynthetic pigments, including chlorophyll, carotenoids and xanthophylls in coffee and chlorophyll formation rate in corn (Jain and Gadre, 1998; Mazzafer, 1998) . In the present study, Se decreased chlorophyll concentration even though this decrease was not significant. The negative effect of Se on porphobilinogen synthesis which is necessary in Sinapis alba L. chlorophyll biosynthesis was probably the reason for the reduction in chlorophyll content (Fargasova et al., 2006) . In the young seedlings of Phaseolus vulgaris L. Se treatments caused decreased in chlorophyll levels in both seedling grown under light and dark conditions (Padmaja et al., 1990) .
Se by influencing other elements uptake in plants affected photosynthesis and total plant pigments. In cabbage increasing sodium selenate increased leaves magnesium (Mg) content (Kopsell et al., 2000) . In Catharanthus roseus L. cell suspension culture, Mg content was not affected by Se treatment (Arvy et al., 1995) . Reductions in Se and sulfur level did not affect carotenoid pigments such as lutein and beta carotene (Kopsell et al., 2000) . Stomata conductance and internal CO 2 concentration of stomata decreased by increasing Se levels and no significant change was observed in the photosynthetic rate. Based on the available information and the cited references, there are only a few studies found on the effect of Se on photosynthesis. Therefore, based on the results of the present study, the Se effect on photosynthesis is not related to stomata conductance, since no significant chlorophyll changes in the same direction with photosynthesis were observed. Also, photosynthesis was not influenced by stomata conductivity and stomata internal CO 2 reduction. Therefore, more study on the effects of Se on photosynthesis is recommended.
CONCLUSIONS
The highest shoot fresh and dry weights and root volume were observed in the 2 mgL 1 Se treatment, however, in the higher concentrations these parameters were decreased. Also stomata conductance and internal CO 2 concentration of the stomata reduced in higher Se treatments.
Probably, applying 2 mgL 1 Se and lower may have some effects on photosynthesis. Studying lower Se concentrations on photosynthesis for future experiments, and because of its importance and positive effects on human nutrition and its internal levels in plant tissues more studies about this element is recommended. 
